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Tablel.  Reports on mRNA of MMPs and TIMPs and Immunohistological Localization of MMPs and TIMPs in Human HCC
Authors Year Subjects MMPs and TIMPs Observed Ref. No.
Northemn Blotting
Yamamoto et al. " 1997 30HCC MMP-2, -7, MT1-MMP J 36
Immunohistochemistry
Grigioni et al, 1991 30HCC type IV collagenase v -1 32
Terada et al. 1996 11 CC8/6 HCC MMP-1, -2, -3, -9, TIMP-1, 2 33
Gao et al. 2006 T2HCC/6 N MMP-1.-2, -3, -7, -9, TIMP-1, -2, -3 49
Altadill et al. 2009 30 HCC MMP-1, -2, 3, -7, -9, -11, -13, MT1-MMP (Tissue Microarray) 50
Tretiakova et al. 2009 43HCCRO0N/10 A MMP-1, -2, -3, -7, -9, E~cadherin (Tissue Microarray) 51
Noﬂhém Blotting and I histochemistry
Arii et al. 1996 23HCC MMP-2, -9, TIMP-1 34
In Situ Hybridi: and I histochemistry
Nakatsukasa et al. 1996 21HCC TIMP-1, -2 35
Musso et al. 1997 6 HCC/7 meta./4 N MMP-2, TIMP-2 37
Okazaki et al. 1997 7 early/7 advanced HCC MMP-1 22
Harada et al. 1998 25HCC MMP-2, MT1-MMP ) 38
Theretet al. 1998 22 HCC/41 others MMP-2, MT1-MMP, MT2-MMP, TIMP-2 39
Rivasetal. 1998 40HCC MMP-12 40
Ogataetal. 1999 37HCC MMP-2, MT1-MMP 42
Ashida et al. 2000 27HCC MMP-9 43
Maatta et al. 2000 36 HCC/35 panc, ca. MMP-2, -9, MT1-MMp 45
Ishii et al. 2003 30HCC MMP-2, -3, -7, -8, MT1-MMP, MT2-MMP 48
RT-PCR
Yamamoto et al. 1999 30HCC MMP-2, -7, -9, MT1-MMP, TIMP-1, -2 41
McKenna et al. 2002 7 HCC/8N MMP-2, -7, -9, TIMP-1,2 46
Giannelli et al. 2002 MMP-2, TIMP-2 47
RI-PCR and Immunohistochemistry
Sakamoto ef al. 2000 37HCC MMP-1, -2, -7, -9, MT1-MMP 44

" MMP and MMP-2 in both hepatoma cells and stromal cells in the
invading border of tumor nests. On the other hand Musso et a/. [37]
did not observe positive staining in hepatoma cells, but observed
cells positive for MMP-2 mRNA(+)/TIMP-2 mRNA(+)/anti-oi-
smooth muscle actin(+) (tSMA) which were seemed to be stellate
cells at the invasion front. This discrepancy was resolved by Ogata
et al. [42].

Ogata et al. [42] observed MT1-MMP and MMP-2 in hepatoma
cells and stromal cells, and both enzymes were detected in the same
hepatoma cells,. Moreover, both enzymes were associated with
tumor dedifferentiation. That is, both enzymes were detected
strongly in all cases of poorly differentiated HCC, in 73% of
moderately differentiated HCC, but MMP-2 was not detected in
well-differentiated HCC. MT1-MMP and MMP-2 mRNA were
strongly expressed in the cytoplasm of hepatoma cells as well as
stromal cells surrounded by ECM in moderately and poorly
differentiated HCCs {42].

The results of in situ hybridization by Maatta er al. [45] were
similar to those by Ogata ef al. [42]. Hepatoma cells were the main
producers of MT1-MMP mRNA, and only a low level of expression
could be detected in stromal cells [45]. The expression level in
hepatoma cells vary from negative to strongly positive and had a
tendency to be associated with poorly differentiated HCC [45]. On

the other hand, the expression of MMP-2 mRNA was seen mainly
in stromal fibroblasts and endothelial cells and only to a lesser
extent in hepatoma cells [45). It is very interesting that, although
MMP-2 was abundanfly synthesized by stromal cells, it
immunolocalized mainly to tumor cells in HCC [45].

The activation of MMP-2 is related with the coordinated high
expression of TIMP-2, and MT1-MMP, but hepatocytes may also
modulate the activation of MMP-2 through the expression of MT2-
MMP [39].

Hepatoma cells with mRNA expression of both MT1-MMP and
MMP-2 are thought to participate in the stromal invasion of HCC,
portal invasion, and intrahepatic metastasis. On the other hand,
higher expression of MT1-MMP and MMP-2 in non-tumorous
cirrhotic liver parenchyma than in tumorous tissue may be
associated with inflammatory or post-inflammatory conditions such
as chronic hepatitis or liver cirrhosis {37, 39].

MMP-7: Yamamoto et al. [36] reported the secretion of
MMP-7 protein from human HCC tissue using Western blotting
and zymography, but did not present immunohistological staining
data,

MMP-1: None of advanced HCC cases showed no MMP-1
mRNA expression [22].
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Fig, (2). In sitn hybridization of early HCC using 45-bp synthetic
antisense oligonucleotide probes, Positive grains scattered in well-
differentiated cancer lesions. Well, well-differentiated HCC; Mod,
moderately differentiated HCC. See the originals appearing in Hepatology
(1997, 25, 581), which showed the sense figure (control) and magnificated
figure for the positive grains. Reprinted with permission.

MMP-12 (human macrophage metalloproteinase): This enzyme
not only degrades elastin and a broad range of matrix/non-matrix
substrates, but also participates in generation of angiostatin, an
internal fragment of plasminogen with an angiogenesis-inhibiting
function. Ir situ hybridization revealed MMP-12 mRNA detected in
25 of 40 HCC samples. Patients without positive findings did not
produce angiostatin and demonstrated poorer survival than those
with positive findings [40]. There was no relationship between the
grades of HCC differentiation and positive staining [40].

3.3, MMPs in Early Stages of HCC

Well-differentiated cancer cells in early HCC are known to
invade portal tracts and/or fibrous bands resulting in the
disappearance of these fibrous tissues [26-29].

MMP-9: Sakamoto et al. [44] used semi-quantative RT-PCR
in order to investigate the mRNA expression of both MMP-2
and MMP-9 in 37 pairs of HCC and adjunct non-tumor tissue
specimens, and confirmed that MMP-9 overexpression was
correlated with growth of small HCC,

Okazaki and Inngaki

MT1-MMP and MMP-2: Ogata ef al. [42] used samples of
well-differentiated HCC smaller than 10mm in diameter obtained
by ultrasound-guided fine-needle biopsy, and found MT1-MMP
detected in one of the six well-differentiated HCCs, but MMP-2
was not detected in any of these same samples.

MMP-1: The authors hypothesized that the degradation of
ECM by MMP-1 might be involved in the process of cancer
cell invasion. Thus, we investigated the localization of both
mRNA and protein of MMP-1 by in sifu hybridization and
immunehistochemical staining, respectively, in 7 cases of early
HCC smaller than 2 c¢m in diameter, and compared with those in 7
cases of advanced HCC [22].

Four of 7 cases with early HCC showed only well-differentiated
cancer cells, 2 cases showed both well-differentiated and moderately
differentiated cancer cells, the remaining case showed only
moderately differentiated cancer cells. In sifu hybridization revealed
that 3 of 4 cases with only well-differentiated HCC expressed
MMP-1, 2 cases with both well-differentiated and moderately
differentiated HCC showed positive staining (Fig. (2)), and one
case with only moderately differentiated cells showed negative
staining, No case of advanced HCC showed MMP-1 mRNA. The
positive cells were well-differentiated cancer cells located at the
invading front of the cancer. An interesting finding was that
positive cells were scattered in a ratio of approximately 1% to 2 %
in cancer., This was very different from the findings of MMP-9
expression reported in other studies described above. Hepatocytes
of non-cancerous liver did not express transcripts of MMP-1.

Positive staining of MMP-1 protein was seen in eatly HCC with
well-differentiated hepatoma cells which invaded portal tract (Fig.
(3A). In another case with early HCC, well-differentiated hepatoma
cells positive for MMP-1 protein were compressed by moderately
differentiated cancer cells which were negative for MMP-1 staining
(Fig. (3B)). ,

Sakamoto et al. [44] showed that MMP-1 mRNA expression
was significantly higher in tumorous tissue than in non-tumorous
tissue, and MMP-1 protein was more strongly expressed than
MMP-9 protein immunohistochemically in early HCC.

MMP-1 mRNA was seen in hepatoma cells infiltrated into the
small portal tract left in tumor nodule as well as in the fibrous bands
sutrounding the cancer cell nodule [22]. Very few macrophages or
fibroblasts showed MMP-1 mRNA, and no positive cells were

Fig, (3). Immunolocalization of MMP-1 in early HCC. Positive staining was observed in the well-differentiated cancer cells but not in the moderately
and/or poorly differentiated cancer cells. (A) Well-differentiated cancer cells express MMP-1 protein and invade portal tract. (B) Well-differentiated cancer
cells expressing MMP-1 protein were compressed by moderately differentiated hepatoma cells, From the original (Hepatology, 1997, 25, 582). Reprinted with

permission.
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observed in non-tumorous tissue [22]. An immunohistochemical
study using tissue microarrays revealed that MMP-1 expressed by
stromal cells is related to a poorer prognosis [50]. This suggests that
MMP-1 may also be an important factor in HCC tumor progression.
MMP-1 expression was associated with growth of small HCC in
which well-differentiated cancer cells invade the portal tract
and fibrous bands, and these fibrous tissues disappear by the
participation of MMP-1 [22].

3.4. TIMPs in HCC

Nakatsukasa et al. [35] reported that TIMP-1 mRNA and
*TIMP-2 mRNA in cancerous tissue were homogeneously stained
more intensively than in non-tumorous tissue of HCC by in situ
hybridization. All HCC tissues contained transcripts of both TIMP-
1 and TIMP-2 with stronger expression in hepatoma cells than in
the surrounding tissne. The expression and distribution of the
transcripts for TIMP-1 and TIMP-2 did not differ among the
various cancer differentiation stages. The intensity of TIMPs
mRNA expression varied from nodule to nodule, Stromal cells in
and surrounding the HCC expressed both TIMP-1 and TIMP-2
mRNA, and the expression in stromal cells present in the
capsule was especially strong. Immunohistochemical observation of
TIMP-1 protein was the same as the mRNA expression finding
observed by in situ hybridization [35].

On the other hand Musso ef al. [37] did not observe either
mRNA of MMP-2 or TIMP-2 in hepatoma cells, but observed
them in aSMA-positive cells at the invasive front, The MMP-2(+)/
TIMP-2(+)/aSMA (+) stellate-shaped cells in the perisinusoidal
space adjacent to liver tumors are considered as hepatic stellate
cells [371.

This discrepancy is probably due to the histological
differencesin HCC used in the study above. TIMPs act to modulate
the matrix/tumor interaction [41, 46, 47, 49). Furthermore, TIMPs
may play an important role in cell growth, and pro-MMP-2 may be
activated by MTI-MMP and TIMP-2 on the cell surface of
hepatoma cells, stromal cells and stellate cells resulting in stromal
invasion.

TIMP-1 and TIMP-2 expression by stromal cells was associated
with a poorer prognosis of HCC as revealed by an immuno-
histochemical study using tissue microarrays [50, 51}.

3.5. Hypotheses of MMPs Expression of Hepatoma Cells

The above observations on MMP-1, -2, -9, MT-1 MMP and
TIMP-2 are summarized in Table 2, which lead to the following
hypotheses (Fig. (4)):

1. A conversion from adenomatous hyperplasia to atypical
adenomatous hyperplasia within liver cirthosis obtains a
phenotype to express MMP-1, resulting in the formation of a
new clone. Well-differentiated hepatoma cells proliferate
slowly with the ability of stromal invasion [22, 25-29].

2. New clones can proliferate and invade portal tracts and fibrous
tissue. Subsequently other clones arise to degrade effectively
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not only fibrous tissue but also basement membrane. These
clones of next generation express MT1-MMP in the process of
cancer development.

3. Several well-differentiated hepatoma cells express MT1-MMP
and gradually small amounts of MMP-2 and MMP-9, probably
stimulated by inflammatory cytokines or TGF-B, which may
participate in the stromal invasion or the formation of the thick
capsule of cancer nodules. Pro-MMP-9 is activated by MMP-2,
or well to moderately differentiated hepatoma cells obtain
a phenotype expressing MMP-9. TIMP-1 and TIMP-2 gene
transcripts in hepatoma cclls are increased by increased
expression of MMP-2 and/or MMP-9,

4. MMP-1-positive clones (well-differentiated cancer cells) are
compressed by new clones (moderately differentiated cancer
cells) and subsequently disappear.

The authors do not have direct evidence for these hypotheses.
However, we have previously reported that stem cells derived from
bone marrow changed their phenotypes of MMP-13 (a major
interstitial collagenase in rodents with a homology to human
MMP-1) to MMP-9 expression in the recovery phase from
experimental liver fibrosis and cirrhosis [17]. A similar switch of
MMP expression may occur in cancer stem cells during hepatic
carcinogenesis (Fig. (4)).

On the other hand positive staining for both MMP-2 and MMP-
9 proteins were observed in inflammatory cells, fibroblasts and
endothelial cells. MMP-9 mRNA was detected in mesenchymal
celis inside and outside cancer nodules, and in fibrous capsules
around the necrosis of cancer nodules [43]. Positive cells for MMP-
2 and MMP-9 were numerous and stained strongly for both mRNA
and protein in mesenchymal cells and inflammatory cells compared
with cells positive for MMP-1 [22, 37, 39]. These positive cells
may participate in the degradation of the fibrous tissue to make
hepatoma cells easily invade or to form the thick capsule around the
nodule (Fig. (4))-

4. REGULATORY MECHANISM OF MMPs AND TIMPs IN
HCC

The expression of MMPs is mainly conirolled at the
transcriptional level. The promoter regions of MMPs contain
several common elements where the common transcription factors
such as AP-1, Ets, and/or NF-xB bind [reviewed in 55].

The authors has clarified that the c-Jun NH2-terminal kinase
(INK) pathway is involved in constitutive MMP-1 expression in a
well-differentiated cell line (HLE cells) among 5 HCC cell lines
derived from various differentiation stages. c-Jun is phosphorylated
by INK, one of the 4 distinctly regulated MAPK pathways; the
other 3 pathways are extracellular signal-related kinases (ERK)-1/2,
p38 proteins and ERKS. HLE cells constitutively expressed MMP-1
gene and protein as well as its enzymatic activity without any
stimulators such as phorbol ester. MMP-1 gene transcription was
under control of the activation of c-Jun through the JNK pathway
23].

Table2.  Positivity of MMPs mRNA and TIMPs mRNA in Hepatoma Cells and Mesenchymal Cells by Early HCC (Less Than 2 cm in Diameter)

and Advanced HCC
Early HCC Advanced HCC

Cancer Cells/Mesenchym Reference (5) Cancer Cell/Mesenchym Reference (s)
MmP-1 +/+ 22,44 -/ 22
MMP-2 -~ 42,45 1+ 42,45,48-50
MT1-MMP &/t 42 +/+ 42, 45,48-50
MMP-9 -f= 43,45 +/+ 43,45
TIMP-2 ~~ 45 +/+ 45

—342—-




758 Anti-Cancer Agents in Medicinal Chemistry, 2012, Vol. 12, No. 7

Okazaki and Inagaki

Step 1 Step 2
5 -~
Cancer Cells
Proliferation
and
Invasion
slow proliferation
differentlated oderatel
atypical Hoe moderately
adenomatous MMP-9 clone ¢ Oiferentiated
hyperplasia
adenomatous
hyperplasia

MMP-1 clone

HCC Progression

MTI-MMP

v

Fig. (4). Hypothesis of MMPs expression related with BICC Progression. Step 1 to 4 are relevant to the number of subsequent MMPs expression in cancer

progression wriiten in the hypothesis.

Several anti-cancer agents inhibited expression of MMPs at the
mRNA and protein levels in a dose-dependent manner [56-60]. For
example, Ide ef al. [56] reported that menatetrenone (a vitamin K2
analogue) inhibits MMP-1, -3 and -7 expression by suppressing
NF-xB and MAP kinase activity. Vitamin K2 inhibits the growth of
HCC cells by suppressing cyclin D1 expression through inhibition
of NF-xB activation. The NF-xB activity is required for the
induction of multiple MMPs even when the promoter regions of
some MMPs do not contain an apparent NF-xB binding site [56].

Stefanou et al. [57] reported that leptin-induced up-regulation
of human telomerase reversed ftranscriptase (hTERT), and
telomerase activity was mediated through binding of STAT3 and
Myc/Max/Mad network proteins on hTERT promoter in HepG2
ceils, and leptin could affect the progression and invasion of HCC
through its interaction with cytokines and MMPs in the tumotrigenic
microenvironment, In this study it is noted that leptin decreased
MMP-1 levels and increased MMP-13 and MMP-9 levels in a dose-
and time- dependent manner.

The CD 147 gene in hepatoma cells regulates the expression
of multidrug resistant 1 (MDR1), MMP-2 and MMP-9 vig the
ERK1/2-dependent pathway [58]. Glypican-3, a member of the
glypican family of cell surface heparin sulfate proteoglycans, is
highly expressed in HCC cells and stimulates their growth by up-
regulating autocrine/paracrine canonical Wnt signaling, resulting in
the expression of MMP-2 and MT1-MMP [59]. Insulin receptor-
mediated signaling promotes MMP-2 and MMP-9 expression [60].
On the other hand Kiss-1 gene, a putative metastasis suppressor
gene, is also reported in HCC related with decreased expression of
MMP-9 [61]. PTEN inhibits the migration and invasion of HCC by

the down-regulating of MMP-2 and MMP-9 in a PI3K/Akt/MMP-
dependent manner [62].

Lysophosphatidic acid (LPA) produced extracellularly by
aufotaxin (ATX), increases cell survival, angiogenesis, invasion and
metastasis [63]. Park et al. [63] revealed that ATX transcripts and
LPA receptor type 1 (LPA1) protein are elevated in HCC compared
with normal tissues. Silencing or pharmacological inhibition of
LPALI significantly attenuated LPA-induced MMP-9 expression and
HCC cell invasion.They also found that MMP-9 is downstream of
LPA1. Moreover, inhibition of phosphoinositide-3 kinase (PI3K)
signaling or dominant negative mutants of protein kinase C and p38
mitogen-activated protein kinase (MAPK) abrogated LPA-induced
MMP-9 expression and subsequent invasion [63]. Increased MMP-
2, -9 and VEGF caused by hypoxia (via ERK1/2) is suppressed with
Na'/H" exchanger 1 (NHE1) inhibited by 5-(N-ethyl-N-isopropy?)
amiloride [64].

MMPs can be influenced by reactive oxygen species (ROS),
resulting in the activation of neutrophils and macrophages at the
tumor site with inflammation. These oxidants initially activate
MMPs via oxidation of the pro-domain cysteine or via modification
of amino acids of the catalytic domain by hydrochlorous acid in
combination with myeloperoxidase [reviewed in 65].

The methylation status of cytokines in CpG dinucleotides
located in the MMP promoter also plays a role in controlling gene
expression of MMPs, especially in cancer cells. Recent studies on
DNA methylase inhibitors, such as 5-aza-2’deoxycytidine, showed
a possible induction of hypomethylation of MMPs genes at the
promoter level in human hepatoma cells [66].
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Overexpressing p28%A™ [67] and Fascin-1 [68] are involved in
epithelial-mesenchymal transition mS]]%MT) and increase in
invasiveness and angl(l)(genesis. p28%4™is an oncoprotein, and up-
regulation of p28°*™comelates with cell cycle progression in
hepatocytes. The p28%*™activates PI3K/skt/HIFic to promote
TWIST1, VEGF and MMP-2 expression [67]. Fascin-1, an actin
bundling protein, is thought to act as a migration factor associated
with EMT in HCC and to facilitate the invasiveness in combination
with MMPs [68].

Besides well-known cytokines such as VEGF, ILs and others,
the inhibitory mechanism of adiponectin was reported, Adiponectin
inhibited not only MMP-9 expression but also ROCK/IP10/VEGF
signaling pathway resulting in suppression of tumor angiogenesis
and cell migration [69]. Thus, the new reports on anti-cancer agents
reveal novel regulation mechanisms of MMPs in HCC.

As for the, regulatory mechanism of TIMPs there have been
very few reports except for the famous paper published by Khokha’s
group [70]. They showed that TIMP-1 over expression significantly
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inhibited cellular proliferation and angiogenesis in oncogene
(simian virus 40 T-antigen)-induced hepatic carcinogenesis.
Although the expression of TIMP-3, a tumor suppressor, has been
reported [71], we do not know the regulatory mechanism of TIMPs
inHCC.

5. ANTI-CANCER AGENTS FOR HCC AND THEIR
REGULATORY MECHANISM

Translational research studies on anti-cancer agents are listed in
Table 3. The authors divided them into three groups, in vive studies,
in vive and in vitro studies and in vitro studies, according to their
experimental designs. :

The first group includes three candidate anti-cancer agents
which were administered to rats with dimethylazobenzene (DAB)-
or diethylnitrosamine (DEN)-induced HCC [66, 74, 77}. Murugan
et al. [66] reported that the dietary administration of DAB induced
well-differentiated HCC with increased expression of MMP-2 and
MMP-9, and decreased TIMP-2 as well as “reversion-inducing

Table 3. Reported Anti-cancer Agents Involving MMPs Research in HCC
. N Hepatocarcinogenesis in used Animals
Agent Origin MMPs TIMPs Mechanism and/or Hepatoma Cell Lines Reference
1. In vivo studies
Polyphenon-B Black tea Decreased MMP-2, -9, increased TIMP-2, increased Diraethylazab (DAB)-induced liver | Murugan et al.
RECK HIFle. VEGF VEGFR1 HDAC-1 cancer in male Sprague-Dawley Mice [661
Morin Flavonoid Decreased MMP2, -9, down regulation of Diethylnitrc (OEN)-induced Sivaramakrishnan
COX-2 NF-¥B-p65 hepatocarcinogenesis in Wister albino rats | et al. [74]
Bacoside A Triterpenoid saponin Decreased MMP-2, -9 protein by immunoblot. and DEN-induced hepatc inogenesis in Janami et al. [77]
activity Wister albino rats
2. In vive and in vitro studies
Adiponectin Decreased MMP-9, ROCK/IP10/VEGE MHCCY7L, Huh7, Hep3B, PLC Man et al. [69]
Male athymic nude mice
Pterostilbene anatural dimethylated | Inhibited MMP (mRNA, protein, actvity) HepG2 cells and nude mice Pan et al. [73]
analogue of activated by TPA treatment, through ERK1/2,
resveratrol PI3-K/AKT, PKC, NF-xB and AP-1
OPN ASO Inhibited MMP-2 and u-PA HCCLMS cells, nude mice Chen et al, [81]
Lipocalin 2 Inhibited MMP-2 via INK and PI3K/Akt Chang liver and Sk-Hep 1 HCC cell lines Lee et al. [82]
nude mice
ThFNHN29 and Reduced MMP-9 activity and decreased MHCC97H cells, nude mice Tang et al. {83]
ThFNHC36 Intgrin oV, B3 and B1
3. in vitro studies
menatetrenone A vitamin Decreased MMP-1/-3/-7, NF-kB and MAP kinase HepG2, Huh7, Hep3B, HLE cell lines Ide et al. [56]
K2 analogue activity
Leptin Decreased MMP-1, increased MMP-13/9 via human Hep(G2 Stefanon et al.
telomerase reverse transcription 571
5~(N-ethyl-N-isopropyl) | Medicinal plant Decreased MMP-2/-9, VEGF via ERK 1/2, HepG2 (under hypoxic condition) celi line | Yang et al. [64]
amiloride inhibition of Na+/ H+ exchanger 1
Chrysanthemum Flavonoid Decreased MMP-2/-9, increased TIMP-1/-2 MHCC97H (he;;atoma) ceil line Wang e al. [72]
indicum ethanlic extract
Hesperidine Inhibited MMP-9 mRNA. vig NF-xB and AP-1, HepG2 treated with TPA Leeetal.[75]
by inhibitory phosphorylation of p38 kinase and INK
Hispolon Mushroom Decreased MMP-2/-9 via ERK ¥, PIBK/AK/FAK. SK-Hep 1 cells Huang et al. [76]
siRNA-targeting BMP-2 Down regulation of MMP-9 and PTEN SMMC7721 cells Wu etal. [78)
Tsofraxidin Herb Inhibited MMP-7 via ERK1/2, NF-xB, IxB HuH-7 and HepG2 treated with TPA. Yamazaki &
] Tokiwa [79]
miR 21 Down regulation of MMP-2/-9 via MAPK/ERK Sk-Hep-1, SNU-182, Hep-G2 Meng et al. {80]
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cysteine rich protein with Kazal motifs (RECK)” as invasion
markers. It also increased hypoxia inducible factor 1o (HIF-1t),
VEGF, VEGF receptor 1 and histone deacetylase-1 (HDAC-1) as
angiogenesis markers. Simultaneous administration of polyphenon-B
significantly reduced the incidence of DAB-induced hepatoma with
the reversed phenomenon of invasion and angiogenesis markers.
Two other papers also showed that candidate agents suppressed
DEN-induced HCC significantly [74, 77]. The second group of
studies presented the regulatory mechanisms of the suppression in
both in vive and in vitro experiments [69, 73, 81-83], while the last
group of studies reported 9 candidate agents and discussed whether
they could inhibit migration and invasion of hepatoma cell lines
[56, 57, 64, 72,75, 76, 78-80].

The studies of the third group examined signal transduction
very carefully, but ir vivo studies are necessary as the second step of
in vitro studies. On the other hand, the studies of the first and
second groups are not sufficient, because candidate agents and
hepatocarcinogens were administered simultaneously. Therefore
it is not yet confirmed whether the agents work truly as anti-
cancer agents. However, these reports are very valuable for the
development of anti-cancer agents.

Gene manipulation therapies have been reported. Wu et al.
[78] developed small interfering RNA (siRNA)-targeting
bone morphogenic protein (BMP)-2 which has an important role in
tumor invasion and metastasis, Meng ef al. [80] established
that microRNA-21 regulates PTEN tumor suppressor gene. Chen
et al. 181] reported that a 2’-O-methoxyethylribose-modified
phosphorothioate antisense oligonucleotides (ASO) was effective
to knock-down oseteopontin (OPN) which is involved in HCC
progression and metastasis. Lee et al. [82] transfected lipocain 2
(Len2)-cDNA to Chang liver and SK-Hepl cells resulting in the
inhibition of cell proliferation and invasion. Above 4 therapies
involved the down-regulation of MMP-2 or MMP-9 as shown in
Table 3.

Although not shown in Table 3, Muhlebach ef ol [84]
generated several variants of oncolytic measles virus (MV) with
fusion proteins by inserting different MMP substrate motifs at the
protease cleavage site. They showed that the corresponding MMP-
activating oncolytic MV-MMPA1 virus was strongly restricted on
primary human hepatocytes and healthy human liver tissue. More
efforts are required for its practical use, but the work is very
interesting.

6. FUTURE-ORIENTED STRATEGIES BASED ON MMPs
SCIENCE

The early stage of HCC expresses MMP-1 mRNA and
protein as described above (Table 2) [22, 44]. The reported anti-
cancer agents target MMP-2, MMP-9 and MTI-MMP except
“menatetrenone” [56] and “leptin” [57] (Table 3). These MMPs
except MMP-1 are expressed in advanced HCC as mentioned above
(Table 2).

The authors reporited that the JNK pathway is involved in
constitutive MMP-1 expression only in well-differentiated HCC but
not in less differentiated HCC [23]. Efer] et al. [85] demonstrated
that the requirement of c-jun was restricted to the early stages of
HCC development by antagonizing p33 activity, resulting in
suppression of apoptosis. The INK pathway may be required for the
early stages of HCC cells. That is, the activation of MMP-1 makes
the cells more invasive and proliferative with the inactivation
of p53. '

In the dedifferentiation process in HCC, the fumor increases in
size, less differentiated hepatoma cells arise within well-
differentiated tumors and replace them as described above. The
subsequent paper by the authors on malignant pancreatic cells
revealed that dedifferentiation stimulated MMP-1 transcription
through either JNK [23] or ERK1/2 pathway {24]. Table 3 shows
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that anti-cancer agents for HCC inhibit MMP-2 and/or MMP-9
transcription by modifying multiple MAPK pathways.

A novel strategy has to be developed for preventing the
occurrence of well-differentiated hepatoma cells or MMP-1-
positive cancer cells. Chen et al. [86] reported that well-
differentiated cell lines were separated into subpopulations
according to CD133, epithelial cell adhesion molecule (EpCAM)
and acetaldehyde dehydrogenase (ALDH) expression. CD133+
cells, but not CD133- cells, had the ability to self-renew, create
differentiated progenies, and form tumors [87]. We need to clarify
whether MMP-1-positive cancer cells are cancer stem cells among
well-differentiated hepatoma cells in the early stages of HCC, and
whether budding of cancer stem cells are present in atypical
adenomatous hyperplasia and adenomatous hyperplasia that exhibit
INK activation and MMP-1 mRNA expression. Kohga et al. [88]
reported that CD133+ cells were closely related with MMP-2 and a
disintegrin and metalloproteinase (ADAM)-9, but they did not
describe the MMP-1 expression. Na ef al. [89] found that HBV-
related human HCC were divided into the CD133-high group and
CD133<low group and that the CDI133-high group showed
significantly higher gene expression of MMP-1 and MMP-2.
Ectopic expression of HCV core protein constitutively activates
AP-1 vie INK [90]. HBV or HCV infection increases hepatic
production of hedgehog (Hh) ligands and expands the populations
of Hh-responsible cells that promote liver fibrosis and cancer stem
cells [91]. Activation of INK is also implicated in alcoholic
steatohepatitis (ASH) and NASH leading to the occurrence of
cancer stem cells [reviewed in 92]. Cancer stem cells play a key
role in cancer cell growth and progression by expanding and
relocating bone marrow-niche cells to the tumor [93]. Thick fibrous
bands seen in moderately and/or poorly differentiated HCC may be
formed by carcinoma-associated fibroblasts expressing o-SMA
[94]. Therefore, the involvement of bone marrowniche cells in the
early HCC may be different from that in the advanced HCC.

The authors demonstrated the effect of SP600125 on HLE cells
to inhibit the expression of MMP-1 mRNA, protein and its
enzymatic activity [23]. Novel anti-cancer agents should be
explored from this viewpoint. Since Das ef al. [94] pointed out that
JNK promotes and inhibits tumor development in the DEN model
of HCC, this dual action of JNK should be considered in the
potential use of JNK as a therapeutic target for drug development
and treatment of human cancer. The JNK inhibitor agent should be
studied in vivo and the expression of MMP-1 mRNA and CD133
should be investigated as target markers in early HCC including
atypical adenomatous hyperplasia. ‘

7. CONCLUSIONS

The most important strategy to prevent HCC is recovery not
only from chronic hepatitis, but also from liver cirrhosis [reviewed
in 18, 52, 95]. Although recovery from liver cirrhosis is possible
experimentally and theoretically at present, time is required to
apply the research results to the treatment of patients with liver
cirrthosis. At the same time further studies are needed to investigate
the initiation process from adenomatous hyperplasia or atypical
adenomatous hyperplasia to early HCC from the viewpoint of
MMP-1 expression in relation to cancer stem cells and the effects of
JNK inhibitors. ’
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